Background: Pollution of the Baltic Sea continues to be a problem. Major terrestrial sources of nutrient emissions to the Baltic Sea are agriculture and wastewater, both major causes of eutrophication. Wastewater contains nutrients and organic matter that could constitute valuable products such as agricultural fertilizers and source of energy. With the EU's action plan for circular economy, waste management and resource utilization is central. Thus the integration of resource recovery to wastewater management could create benefits beyond the wastewater sector. There is a growing interest in resource recovery from wastewater. However, there is no systematic overview of the literature on technologies to recover nutrients and carbon from wastewater sources done to date.
Background
The Baltic Sea is particularly vulnerable to waterborne nutrient loadings because of its large catchment in relation to the sea area, a long renewal time and limited water exchange with the North Sea. The ecological status of the open water in the Baltic Sea is poor and affected by eutrophication [1] . The spatial extent of open water eutrophication in the Baltic Sea has increased in recent years [2] , despite measures to decrease emissions. The primary cause of eutrophication is increased primary production as a result of increased loading of inorganic nutrients from terrestrial sources, followed by an increase in organic matter loading [1] .
The major sources of nutrient emissions to the Baltic Sea are diffuse, mostly agricultural, followed by point sources, mostly from municipal wastewater treatment plants [3] . Both nitrogen and phosphorous biogeochemical cycles are considered planetary boundaries, within which humans can be safely sustained by the earth systems [4] . The global nitrogen cycle has severely overstepped its threshold, and fixation of nitrogen from the atmosphere should be reduced [4, 5] . Additionally, fixation of atmospheric nitrogen by the Haber-Bosch process to produce nitrogen fertilizer is very energy consuming, leading to fossil fuel originated emissions
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Environmental Evidence *Correspondence: solveig.johannesdottir@ri.se 2 Research Institutes of Sweden, Drottning Kristinas väg 61, Stockholm, Sweden Full list of author information is available at the end of the article [6] . Phosphorus, naturally occurring in the earths' crust, is a non-renewable resource on its way to depletion [4] . The European Commission has identified phosphate rock and phosphorus as critical raw materials with high economic importance and supply-risk [7] .
Cornejo et al. [8] found that nutrient recovery from wastewater can, by substituting mineral fertilizers, reduce the eutrophication potential by up to 8% and total carbon footprint by up to 4%, depending on the size of the treatment plant. The study also showed that by integrating recovery of water, nutrients and energy the eutrophication potential could decrease by 18% and carbon footprint by 34% when treating wastewater from 100,000 people [8] . Recycled nutrients from waste and wastewater could substitute mineral nitrogen and phosphorous fertilizers in agriculture. There are also other uses for nutrients in industry and other resources in waste that could be utilized. For example, Mihelcic et al. [9] estimated, based on data for the year 2009, that phosphorus in the excreta of the whole human population could satisfy 22% of global phosphorous demand.
Utilizing resources in waste is a sustainable practice and central in a circular economy [10] . The wastewater treatment of today could provide multiple benefits to society if integrated with resource recovery [11] . There exists a number of technologies to recover nutrients, and other resources, from wastewater. There is a growing interest in recovering resources, such as energy and plant nutrients, from wastewater. The conventional treatment of wastewater is focused on the removal of nutrients and carbon, but it seems to be shifting towards recovery [12, 13] . However, there is no systematic overview of the literature on technologies to recover nutrients and carbon from wastewater sources done to date.
In order to focus the study, the concept of ecotechnology was used. The term 'ecotechnology' describes combinations of practices relating to the environment and technical innovation. It has been used since the early 1970s, but a recent systematic review and thematic synthesis of the research literature shows it has been used as a buzzword with few explicit definitions [14] . We have based our definition of ecotechnology on theirs:
"Eco-technologies are human interventions in socialecological systems in the form of practices and/or biological, physical, and chemical processes designed to minimise harm to the environment and provide services of value to society" [14] We use this broad definition, which encompasses both technologies and practices, so as to remain conservative and broadly relevant. For this map, we add on to the definition that the ecotechnologies should be related to wastewater management and facilitate the reuse of carbon and/or nutrients.
Stakeholder engagement
The topic for this review was initially proposed by the research funder BONUS (https ://www.bonus porta l.org/). The scope of the project was then refined through expert discussions as part of the process of drafting an application in response to the call by the research funder. Stakeholders, consisting of the broader BONUS RETURN consortium members, were involved in discussions of the scope and search strategy for the map. Within the stakeholder group, methodological experts on systematic maps and reviews as well as experts in resource recovery technologies for waste and wastewater are represented.
Objectives
The primary question for this systematic map is: What ecotechnologies exist for the recovery or reuse of carbon, phosphorus and nitrogen from municipal and domestic wastewater systems globally?
This review will identify a comprehensive list of studies on ecotechnologies for recovering or reusing carbon and nutrients (nitrogen and phosphorus). The systematic map will then describe these studies in terms of the settings, the PIO elements [population(s), intervention(s) and outcome(s)] and methods in each study. The key outputs will be as follows: Studies on nutrient and/or carbon recovery and/or reuse excluding review studies.
Methods
The review will follow the Collaboration for Environmental Evidence guidelines and standards for evidence synthesis in environmental management [16] and it conforms to ROSES reporting standards [17] (see Additional file 1).
Searching

Bibliographic databases
We will search for evidence in the following bibliographic databases:
1. Scopus. Searches will be performed using English language search terms across all bibliographic databases. Subscriptions from the Warsaw University of Life Sciences will be used. See Additional file 2 for details of the search strings and their adaptations to the databases Web of Science and Scopus. The following search string will be used in bibliographic databases: ("organic carbon" OR DOC OR "organic C" OR "organic matter" OR nutrient* OR nitrogen OR nitrate OR nitrite OR ammoni* OR phosphorus OR phosphate) AND (wastewater OR "waste water" OR "storm water" OR stormwater OR blackwater OR "black water" OR greywater OR "grey water" OR graywater OR "gray water" OR sludge OR septage OR sewage OR "organic waste*" OR "septic sludge" OR sewerage* OR digestate* OR "toilet waste") AND (return OR recovery OR recover OR conversion OR convert OR circulate OR circular OR reuse OR recycle).
Searches in bibliographic databases will be restricted in timescale to the period 2013 to 2017. This is due to the ongoing paradigm shift in the wastewater sector towards resource recovery we are primarily interested in studies published in recent years.
Search engines
Searches will be performed in Google Scholar, which has been shown to be useful for grey literature searches [18] . Searches will be performed in English. Searches will make use of terms related both to synonyms for ecotechnologies (e.g. 'eco-technology'), and combinations of outcome terms and reuse terms (e.g. 'carbon reuse'). See Additional file 2 for grey literature search terms across all languages. Google Scholar searches will be restricted to articles published in the time period 2013 to 2018 as with bibliographic searches above. The first 1000 search results will be extracted as citations using Publish or Perish software [19] and introduced into the duplication removal and screening workflow alongside records from bibliographic databases.
Organisational websites
We will apply a case study approach for searching for grey literature relevant for the Baltic Sea catchment area. Searches will be performed across a suite of relevant organisational websites for ecotechnologies for the reuse of carbon and nutrients. Apart from searches in English, searches will be performed in Swedish, Finnish and Polish, representing the case-study countries within the BONUS RETURN project as well as many of the Baltic languages. Each website will also be hand searched for relevant publications. Searches will make use of terms related both to synonyms for ecotechnologies and combinations of outcome terms and reuse terms. See Additional file 2 for grey literature search terms across all languages. Literature from organisational websites will be screened separately for relevance before being combined with other records. Haddaway et al. Environ Evid (2019) 8:1 The following websites will be searched: 
Testing comprehensiveness
A benchmark list of 25 articles (see Additional file 3) of known relevance to the review will be screened against scoping search results to examine whether searches are able to locate relevant evidence. If articles are not found during scoping, search terms will be examined to identify why articles were missed and adapted where relevant. In addition, the reference lists of all relevant reviews will be screened for relevant studies at title, abstract and full text levels.
Assembling a library of search results
Results of the bibliographic searching and Google Scholar will be combined, and duplicates will be removed prior to screening. A library of search results will be assembled in a review management software (i.e. EPPI reviewer [20] ).
Article screening and study eligibility criteria
Screening process
Screening will be done at two levels: at title and abstract (screened concurrently for efficiency) and at full text.
Potentially relevant abstracts will be retrieved, tracking those that cannot be located or accessed and reporting this in the final review. Retrieved records will then be screened at full text, with each record being assessed by one experienced reviewer. Prior to commencing screening, consistency checking will be performed with all reviewers on a subset of articles at both title and abstract level and full text level screening. A subset of approximately 10% of title and abstract records and full text records will be independently screened by all reviewers. The results of the consistency checking will then be compared between reviewers and all disagreements discussed in detail. Where the level of agreement is low (below c. 0.8 agreement), further consistency checking will be performed on an additional set of articles and then discussed.
Eligibility criteria
The following criteria will be applied at all levels of screening: Studies on nutrient and/or carbon recovery and/or reuse excluding reviews.
We will provide a list of articles excluded at title and abstract, and at full text, with reasons for exclusion provided for all excluded articles.
Study validity assessment
The validity of articles will not be appraised as part of this systematic map in accordance with accepted systematic mapping methodological guidance [21] .
Data coding strategy
The following data coding and meta-data extraction will be undertaken for all relevant studies:
• Ecotechnology name.
• Short description.
• Reuse outcome.
• Carbon.
• Nutrients N.
• Nutrients P.
• Type of reuse.
• Explicit, fully described reuse.
• Implicit or potential reuse.
• Study country.
• Study location.
• Latitude.
• Longitude.
Reuse outcome refers to what substance from the wastewater process is reused, which could be one, two or all three of carbon, nitrogen or phosphorus. Type of reuse refers to how the recovered nutrients and/or carbon is used, e.g. as energy or for agricultural purposes. The type of reuse is explicit, fully described, if it is stated in the article how the reuse outcome will be used, e.g. as a fertilizer. It is implicit or potential reuse if the use of the carbon or nutrients is not described, or reuse is stated as a possibility.
